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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION FOR PATENT 

PROLACTIN ANTAGONISTS AND USES THEREOF 

Inventor: Ameae M. Walker 

The present application is a continuation-in-part of co-pending 
PCT/US97/01435, WO 97/27865, filed January 30, 1997, which is a continuation- 
5 in-part of co-pending U.S. Patent Application Serial No. 08/594,809, filed January 
31, 1996. The entire texts of the above-referenced disclosures are specifically 
incorporated by reference herein. The government owns rights in the present 
invention pursuant to grant number HD 28726 from the National Institutes of 
Health. 

10 FIELD OF THE INVENTION 

The present invention relates generally to the field of biologically 
active peptides and proteins that function as prolactin antagonists, and uses of these 
proteins/peptides in compositions for regulating prolactin and growth hormone 
related functions. More particularly, the invention concerns recombinant nucleotide 

1 5 sequences encoding a mutated prolactin, which is a mimic of human phosphorylated 
prolactin and is capable of antagonizing a prolactin receptor. The inventive mimic 
antagonizes the growth promoting effects of non-phosphorylated prolactin. 

BACKGROUND OF THE INVENTION 

Prolactin (PRL) is a polypeptide hormone produced by the anterior 
20 pituitary. This hormone is important in a number of physiological events, including 
maintaining normal reproductive functions, osmoregulation, growth, and 
immunoregulation. 

Human prolactin has been characterized as a protein of 1 99 amino 
acids and as having a molecular weight of about 23 kDa. Prolactin from other 
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species are reported to have a similar size, and to share a high degree of sequence 
homology. 

For many years, PRL was considered an unmodified polypeptide 
hormone. It is now clear, however, that posttranslational processing of PRL causes 
5 it to be phosphorylated, glycosylated and variously proteolytically cleaved. The 
phosphorylation of PRL within pituitary cells has also been demonstrated to occur 
in vivo in the rat, chicken, and cow. Phosphate analysis of purified preparations of 
PRLs from different species have demonstrated that prolactin from these species are 
variously phosphorylated with molar ratios of hormone to phosphate of 1.0:0.2 for 

10 bovine and rat and 1.0:0.7 for turkey. 

Brooks et al., Molecular and Cellular Endocrinology, 99, pp. 301- 
305 (1994), have reported the isolation of a serine position 90 phosphorylated 
bovine prolactin species (position 90 relative to the naturally occurring amino acid 
sequence of bovine PRL), and examined the bioactivity of this molecule relative to 

15 native bovine prolactin. The native bovine prolactin was reported to be biologically 
active for stimulating cell proliferation in the Nb2 rat lymphoma bioassay used by 
those investigators, however, the serine 90 phosphorylated bovine prolactin was 
reported to be biologically inactive in the same bioassay. 

Earlier functional studies have examined another phosphorylated 

20 prolactin species from the rat, this molecule being phosphorylated at serine residue 
177. It was reported in that study that this mono-phosphorylated species of PRL 
(phosphoserine at position 177 of native rat prolactin amino acid sequence) acted 
as an antagonist to native, non-phosphorylated PRL in two cell systems (pituitary 
tumor cells, specifically GH3 cells that are PRL-producing rat pituitary tumor cell); 

25 and T lymphoma cells (Nb2 cell bioassay). Of significance, the serine 177 mono- 
phosphorylated-rat species of PRL was observed to act as an antagonist to non- 
phosphorylated prolactin, and to inhibit cell proliferation of Nb2 cells. Wang et al., 
Endocrinology, 733, pp. 2156-2160 (1993). The non-phosphorylated PRL was 
observed to promote cell proliferation of these prolactin dependent tumor cell lines. 

30 These observations stand in contrast to the lack of biological activity reported with 
the phosphorylated PRL species described in Brooks et al. (1994). 
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Native rat PRL is subject to ready phosphorylation in vivo. Those 
of skill in the art hold the view that these phosphorylated forms of PRL can be 
hydrolyzed by serum phosphatase to form non-phosphorylated prolactin, thus 
adding to the pool of non-phosphorylated PRL. As noted above, native, non- 

5 phosphorylated rat PRL has been reported to stimulate tumor cell growth. Thus, 
non-phosphorylated prolactin pools would be undesirable in the treatment of 
prolactin dependent tumors. This would render therapies with phosphorylated 
prolactin disadvantageous, as it may actually function to increase the proliferation 
of prolactin dependent tumors by supplying more of the prolactin species that binds 

10 prolactin receptor and turns on prolactin secretion and tumor growth. The half-life 
of phosphorylated prolactin is also relatively short, making it undesirable for use 
as a therapeutic. Recognition of this phenomenon makes the use of mono- 
phosphorylated PRL forms undesirable, as it may potentially worsen some 
conditions rather than provide a treatment. 

15 U.S. Patent 4,725,549, relates to a description of human and rat 

prolactin and preprolactin cloned genes. Paris et al., Biotechnology & Applied 
Biochemistry, 12, pp. 436-449 (1990) have described a recombinant human PRL 
that includes an additional methionine group at the amino terminal end of the 
molecule. These recombinant PRL species were observed to comigrate with human 

20 PRL on an SDS-polyacrylamide gel, and to have parallel dose response activity for 
stimulating Nb2 cell proliferation. The hPRL cDNA coding sequence reported by 
Cooke et al. Journal of Biological Chemistry, 256, pp. 4006-4016 (1981), and the 
T7 expression vector of Studier and Moffat, Journal of Molecular Biology, 189, pp. 
1 13-130 (1986), was employed in preparing recombinant hPRL in a bacterial E. coli 

25 system. This technique provided a method for producing large quantities of 
recombinant non-phosphorylated PRL. However, a recombinant phosphorylated 
PRL, or a recombinant protein or peptide that mimics the prolactin antagonistic 
activity of phosphorylated PRL, has not before the present disclosure been 
described. 

30 Abnormal levels of prolactin or abnormalities in the production of 

physiological concentrations of this hormone have been associated with several 
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pathologies, including prolactin-dependent tumors. LHRH-Iike peptide prolactin 
antagonists have been proposed in the treatment of several specific pathologies, 
including hyperprolactinemia, miscarriage, precocious puberty and ovulation 
irregularities. For example, an LHRH C-terminal peptide has been described for 
use as a prolactin antagonist in the inhibition of prolactin-responsive tumors (U.S. 
Patent 5,075,224). 

A need continues to exist in the art for more stable and effective 
forms of non-LHRH like prolactin antagonists for therapeutic use. These molecules 
will preferably be capable of functioning as effective prolactin antagonists that 
compete with native prolactin for prolactin receptor sites, and which at the same 
time are not subject to dephosphorylation, thereby avoiding an increase in the pool 
of dephosphoiylated prolactin. Such preparations could be used to control prolactin 
secretion and prolactin dependent tumor cell proliferation, as well as provide an 
improved treatment for other pathologies associated with abnormal prolactin 
regulation. 

SUMMARY OF THE INVENTION 

The present invention seeks to overcome the above and other 
drawbacks inherent in the prior art by providing stable molecules that are capable 
of functioning as prolactin antagonists without contributing to levels of 
20 dephosphorylated prolactin. The successful recombinant production of the 
prolactin antagonists described here offers the further advantage of large-scale 
production of these biologically active substituted prolactin proteins and peptides. 

One aspect of the present invention pertains to human prolactin, 
which is phosphorylated at a serine residue 179. This phosphorylation site is 
25 important to the biological activity of the protein. This C-terminal region serine 
phosphorylation site is the major phosphorylation site. An identical 
phosphorylation site is present in all species. For example, in addition to humans, 
the serine is also conserved as serine 179 in whales, bovine, equine, ovine, and 
porcine species. Hence, the substitution proteins of this invention may be readily 
30 prepared to provide the biologically active molecules having prolactin antagonistic 



10 



15 



activity for virtually any species without undue experimentation, given the present 
disclosure, although human PRL is of particular interest. 

Thus, the present invention provides a recombinant nucleotide 
sequence encoding a mutated prolactin. The expression of the sequence results in 
a mimic of a phosphorylated prolactin corresponding to a selected species. The 
mimic is capable of antagonizing growth promoting effects of non-phosphorylated 
prolactin in the selected species. The mimic is mutated at serine 179 (in the case 
of human and various other species) or its selected species equivalent. Prolactin 
mimics of this invention, particularly human phosphorylated prolactin mimics, are 
therapeutically useful such as in the treatment of prolactinoma, infertility related to 
abnormal prolactin regulation, some forms of prostatic cancer, ovulation 
irregularities, miscarriage, and other associated prolactin dependent disorders. 

A particularly preferred prolactin mutant in accordance with the 
invention is wherein the mutated serine is substituted by an aspartate residue. This 
aspartate mutant is a very effective antagonist with 200 pg/ml negating 75% of the 
growth response to 400 pg/ml wild-type PRL. The aspartate mutant shows no 
ability to stimulate Nb2 cell proliferation. 

The production of recombinant mimics in accordance with the 
invention can be relatively easily produced in large quantities and be entirely free 
of non-phosphorylated counterpart. The recombinant mimics cannot be 
dephosphorylated and thus cannot be converted to the growth-promoting form of 
PRL. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is the human substitution prolactin cDNA sequence and 
corresponding substituted amino acid sequence. "X" at amino acid position 179 is 
the serine 179 substitution in accordance with the invention and preferably is 
aspartate or glutamate, most preferably aspartate. The "NNN" located at nucleotide 
positions 622, 623 and 624 represent that encoding sequences for the substituted 
amino acids noted above. 5' untranslated region and a pre-piece do not appear in 
this sequence; 



Figure 2 graphically illustrates the results for the human glutamate 
mutant (AW 32) titrated against the recombinant wild type (AW 35) on the 
proliferation of T-lymphoma cells. Optical density at 492 nm is produced in the 
MTS assay and is a measure of cell number; and, 

Figure 3 graphically illustrates the titration of aspartate mutant 
against wild-type PRL with Nb2 cells being plated at 1000/well and incubated in 
wild-type PRL with or without the addition of aspartate mutant at the 
concentrations indicated. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The primary site of PRL phosphorylation is serine 177 of the 
naturally occurring sequence of rat PRL and serine 179 of human PRL. 
Phosphorylation at this site has a major effect on the biological activity of the 
molecule, causing the phosphorylated PRL to become an antagonist to the non- 
phosphorylated hormone. Phosphorylation at this site can be duplicated by PKA 
and an intragranular PKA-like enzyme may be integral to the regulation of PRL 
structure and function in vivo. Substitution prolactin proteins and peptides that 
include other than phosphoserine at site 177 (rPRL) or site 179 (hPRL) have the 
potential for prolactin antagonistic activities, and to inhibit T-lymphoma cell 
proliferation. These substituted peptides/proteins thus present a new family of 
peptide/protein prolactin antagonists whose sequences are derived from the 
C-terminal fragment of prolactin that are not subject to dephosphorylation. 

With reference to Fig. 1, when human prolactin cDNA is substituted 
so that the normal codon at nucleotide positions 622, 623, and 624 is replaced with 
other than those coding for serine, then such is a recombinant nucleotide sequence 
encoding a mutated prolactin. Preferred is where the serine mutation is by 
substitution with an aspartate or glutamate residue, particularly preferred where the 
serine mutation is by an aspartate residue substitution. With reference to Fig. 2, 
addition of 200 pg/ml of the glutamate mutant can reduce by half the growth 
response to 800 pg/ml of the wild type. The shape of the curves suggest non- 
competitive inhibition consistent with tighter binding of the glutamate mutant to 
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receptor site 1. Mutation of the serine to valine or alanine, by contrast, produce 
molecules with no antagonist activity. With reference to Fig. 3, the aspartate 
mutant is a very effective antagonist with 200 pg/ml negating 75% of the growth 
response to 400 pg/ml wild-type PRL. Further, the aspartate mutant shows no 

5 ability to stimulate Nb2 cell proliferation. 

The particularly identified substitution and monophosphorylated 
peptides of the invention are also described in conjunction with several particular 
methods of use. For example, these proteins and pharmaceutical compositions 
containing these proteins are useful in methods for modulating reproductive cycles, 

10 in the treatment of prolactin-dependent diseases and in the diagnosis of pathologies 
that are related to abnormal levels of prolactin, such as Parkinsonism. 

Methods of using the compositions for managing lactation, such as 
to inhibit milk production in postpartum females, is also envisioned. The 
substituted prolactin proteins/peptides of the invention may thus be used either 

15 alone or in combination with bromocriptine and/or progesterone in regulating 

prolactin and lactation. 

The designation of amino acid substitutions in some embodiments 
of the peptides and proteins of the invention relate to a substitution within the C- 
terminal end of the prolactin sequence. In specific embodiments, the substitution 

20 is located where serine is at position 177 (rat PRL) or serine position 179 of human 
PRL would occur in non-substituted prolactin. The serine residue that appears at 
residue number 177 in the rat sequence corresponds to the serine residue located at 
position #179 of the human sequence, to residue #177 in the mouse sequence, and 
to serine residue #179 of the bovine sequence. 

25 While various of the amino acid residues in the C-terminal region of 

the non-phosphorylated, native prolactin encoding sequence have been examined 
for bioactivity, the criticality associated with substitutions of the serine residue in 
the creation of molecules that mimic the bioactivity of phosphorylated forms of 
prolactin had not previously been characterized, nor had the importance of the 

30 manipulation of this residue been appreciated or described in the creation of PRL 
antagonist substitution peptides and proteins as disclosed in the present invention. 
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The present invention also provides recombinant host cells and viral 
vectors comprising the substitution mutant sequences herein disclosed. 

Expression vectors that comprise a nucleic acid molecule having a 
sequence operably linked to a promoter of DNA expression also constitute 
particular embodiments of the invention. The expression vector in one particular 
embodiment is PGEX3X, a pT7-7, or lambda gtl 1. Bacterial host cells comprising 
the aforedescribed expression vectors are also provided. By way of example, such 
bacterial hosts include JM109, XL- 1 -blue, or DH12S. 

Expression of the substitution mutant proteins and peptides in a 
eukaryotic cell line are also provided in the present invention. The production of 
glycosylated forms of the mutant PRL proteins obtainable therefrom are envisioned 
as particularly useful for clinical application, glycoslated proteins possessing 
improved resistance to degradation. By way of example, such a cell line would be 
an insect cell line (e.g., SF9, ATCC #CRL171 1 insect cell line using the expression 
vector, such as baculovirus (pAc700), or the CHO cell line such as that available 
at ATCC deposit #ATCC CRL 9606 or ATCC #10101, or ATCC 10154 with an 
expression vector such as pED, or pEE14. 

Prokaryotic and eukaryotic hosts may be used for expression of the 
substitution proteins, peptides and analogs thereof. An example of a prokaryotic 
host which is particularly useful is E. coli strain BL21[DE3], M15[pREP4] and 
SG13009[pREP4]. Enterobacteriaceae species such as Salmonella typhimurium 
and Serratia marcescens, various Pseudomonas species, or gram-positive bacilli 
such as Bacillus subtilus may also be used. 

In general, plasmid vectors containing replicon and control 
sequences which are derived from species compatible with the host cell are used in 
connection with these hosts. The vector ordinarily carries a replication site, as well 
as marking sequences which are capable of providing phenotypic selection in 
transformed cells. For example, E. coli is typically transformed using pBR322 
(Bolivar et al., 1977), or one of its many derivatives. pBR322 contains genes which 
express ampicillin and tetracycline resistance in Gram-negative hosts and thus 
provides easy means for identifying transformed cells, pBR322, its derivatives, or 



other microbial plasmids or bacteriophage may also contain, or be modified to 
contain, promoters which can be used by the microbe for expression of endogenous 
proteins. 

In addition, phage vectors containing replicon and control sequences 
that are compatible with the host microorganism can be used as transforming 
vectors in connection with these hosts. For example, bacteriophage such as lambda 
GEM-1 In may be utilized in making a recombinant vector which can be used to 
transform susceptible host cells such as E. coli LE392. 

Those promoters most commonly used in recombinant DNA 
construction include the p-lactamase (penicillinase) and lactose promoter systems 
(Change et al., 1978; Itakura et al., 1977; Goeddel et al., 1979) or the tryptophan 
(trp) promoter system (Goeddel et al., 1980; EPO Application Publication No. 
0036776). While these are the most commonly used, other microbial promoters 
have been discovered and utilized, and details concerning their nucleotide 
sequences have been published, enabling a skilled worker to ligate them 
functionally with plasmid vectors (EPO Application Publication No. 0036776). 

In addition to prokaryotes, eukaryotic microbes, such as yeast 
cultures may also be used. Saccharomyces cerevisiae, or common baker's yeast is 
the most commonly used among eukaryotic microorganisms, although a number of 
other strains are commonly available. For expression in Saccharomyces, the 
plasmid YRp7, for example, is commonly used (Stinchcomb et al., 1979; Kingsman 
et al., 1979; Tschemper et al., 1980). This plasmid already contains the trpL gene 
which provides a selection marker for a mutant strain of yeast lacking the ability to 
grow in tryptophan, for example ATCC No. 44076 or PEP4-1 (Jones, 1977). The 
presence of the trpL lesion as a characteristic of the yeast host cell genome then 
provides an effective environment for detecting transformation by growth in the 
absence of tryptophan. 

Suitable promoting sequences in yeast vectors include the promoters 
for 3-phosphoglycerate kinase (Hitzeman et al., 1980) or other glycolytic enzymes 
(Hess et al., 1968; Holland et al., 1978), such as enolase, glyceraldehyde-3- 
phosphate dehydrogenase, hexokinase, pyruvate decarboxylase, 
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phosphofructokinase, glucose-6-phosphate isomerase, 3-phosphoglycerate mutase, 
pyruvate kinase, triosephosphate isomerase, phosphoglucose isomerase, and 
glucokinase. In constructing suitable expression plasmids, the termination 
sequences associated with these genes are also ligated in the expression vector 3* 

5 of the sequence desired to be expressed to provide polyadenylation of the mRNA 
and termination. Other promoters, which have the additional advantage of 
transcription controlled by growth conditions are the promoter region for alcohol 
dehydrogenase 2, isocytochrome C, acid phosphatase, degradative enzymes 
associated with nitrogen metabolism, and the aforementioned glyceraldehyde-3- 

10 phosphate dehydrogenase, and enzymes responsible for maltose and galactose 
utilization. Any plasmid vector containing a yeast-compatible promoter, an origin 
of replication, and termination sequences is suitable. 

In addition to microorganisms, cultures of cells derived from 
multicellular organisms may also be used as hosts. In principle, any such cell 

15 culture is workable, whether from vertebrate or invertebrate culture. However, 
interest has been greatest in vertebrate cells, and propagation of vertebrate cells in 
culture (tissue culture) has become a routine procedure in recent years. Examples 
of such useful host cell lines are VERO and HeLa cells, Chinese hamster ovary 
(CHO) cell lines, and W138, BHK, COS-7, 293 and MDCK cell lines. Expression 

20 vectors for such cells ordinarily include (if necessary) an origin of replication, a 
promoter located in front of the gene to be expressed, along with any necessary 
ribosome binding sites, RNA splice sites, polyadenylation site, and transcriptional 

terminator sequences. 

For use in mammalian cells, the control functions on the expression 

25 vectors are often provided by viral material. For example, commonly used 
promoters are derived from polyoma, Adenovirus 2, and most frequently Simian 
Virus 40 (SV40). The early and late promoters of SV40 virus are particularly 
useful because both are obtained easily from the virus as a fragment which also 
contains the SV40 viral origin of replication (Fiers et al., 1978). Smaller or larger 

30 SV40 fragments may also be used, provided there is included the approximately 
250 bp sequence extending from the Hindlll site toward the Bgfl site located in the 



11 

viral origin of replication. Further, it is also possible, and often desirable, to utilize 
promoter or control sequences normally associated with the desired gene sequence, 
provided such control sequences are compatible with the host cell systems. 

The origin of replication may be provided either by construction of 
the vector to include an exogenous origin, such as may be derived from SV40 or 
other viral (e.g., Polyoma, Adeno, VSV, BPV) source, or may be provided by the 
host cell chromosomal replication mechanism. If the vector is integrated into the 
host cell chromosome, the latter is often sufficient. 

Recombinant host cells and recombinant vectors that incorporate an 
isolated DNA segment in accordance with the isolated DNA molecule as described 
above, are also disclosed. A particular recombinant vector that may be used is a 
PGEX3X which may be placed in JM109. Plasmids that include a sequence 
encoding the prolactin substitution peptide proteins are also described in the present 
disclosure. Any variety of different plasmids may used, such as, for example, the 

PGEM HZf(-) plasmid. 

It is envisioned that the proteins (mimics) of the invention may be 
administered using those methods currently used to administer somatotropin (see 
Physicians Desk Reference; Goodman and Gilman's The Pharmacological Basis of 
Therapeutics, 8th edition (1990); (also see Rhemington's Pharmaceutical Sciences 38 ; 
all of which are specifically incorporated herein by reference). 

Lymphoma 

By way of an example of a specific therapeutic formulation, the 
prolactin substituted proteins are envisioned as being particularly efficacious in the 
treatment of prolactin-responsive cancers, and particularly lymphomas. In these 
applications, it is proposed that the substituted proteins of the invention will be 
formulated as an injectable pharmaceutically acceptable formulation. The 
particular therapy to be given a patient will vary depending on the age, sex, weight 
and stage of the disease in the patient. A dosage in schedule of up to about 0.1 
mg/kg administered 3 times a week, for example, intramuscularly or sub q, is one 
proposed regimen for the treatment of some forms of lymphoma. These dose 
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ranges may vary, depending on the response of the patient to the treatment, and may 
be increased or decreased within a range of between about 8 mg/kg to about 40 
mg/kg of a pharmaceutical preparation containing the substituted prolactin protein, 
depending on response of the patient. 

Prolactinoma 

By way of example, a normal adult human weighing about 70 kg, 
diagnosed as having a prolactinoma (which results in a hyperprolactinemic 
condition) or a pre-prolactinoma condition, could be treated with a 
pharmaceutical^ acceptable preparation of the aspartate recombinant substituted 
prolactin proteins described herein, preferably the human protein substituted protein 
forms. It is proposed that such a treatment would be administered intramuscularly 
or sub-q at a total dose of between about 14 mg/kg to about 35 mg/kg, so as to 
achieve an expected circulating level of the substituted protein of between about 90 
ng/ml to about 200 ng/ml. serum in the patient. 

Human patients with a prolactinoma, having a condition known as 
hyperprolactinemia, have been documented as having circulating levels of prolactin 
as high as 20 jig/ml serum. Based on these levels, it is proposed that the above dose 
ranges constitute reasonable ranges of the substituted prolactin as a prolactin 
antagonist in the treatment of this condition in the patient. 

20 Pharmaceutical Preparations 

The active compounds may only be orally administered, for example, 
with an inert diluent or with an assimilable edible carrier, or they may be enclosed 
in hard or soft shell gelatin capsule, or they may be compressed into tablets, or they 
may be incorporated directly with the food of the diet. For oral therapeutic 

25 administration, the active compounds may be incorporated with excipients and used 
in the form of ingestible tablets, buccal tables, troches, capsules, elixirs, 
suspensions, syrups, wafers, and the like. Such compositions and preparations 
should contain at least 0.1% of the active substituted prolactin protein or peptide 
compound. The percentage of the compositions and preparations may, of course, 
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be varied and may conveniently be between about 2 to about 60% of the weight of 
the unit. The amount of active compounds in such therapeutically useful 
compositions is such that a suitable dosage will be obtained. 

The tablets, troches, pills, capsules and the like may also contain the 
5 following: a binder, as gum tragacanth, acacia, cornstarch, or gelatin; excipients, 
such as dicalcium phosphate; a disintegrating agent, such as corn starch, potato 
starch, alginic acid and the like; a lubricant, such as magnesium stearate; and a 
sweetening agent, such as sucrose, lactose or saccharin may be added or a flavoring 
agent, such as peppermint, oil of wintergreen, or cherry flavoring. When the dosage 

10 unit form is a capsule, it may contain, in addition to materials of the above type, a 
liquid carrier. Various other materials may be present as coatings or to otherwise 
modify the physical form of the dosage unit. For instance, tablets, pills, or capsules 
may be coated with shellac, sugar or both. A syrup of elixir may contain the active 
compounds sucrose as a sweetening agent methyl and propylparabens as 

15 preservatives, a dye and flavoring, such as cherry or orange flavor. Of course, any 
material used in preparing any dosage unit form should be pharmaceutical^ pure 
and substantially non-toxic in the amounts employed. In addition, the active 
compounds may be incorporated into sustained-release preparation and 
formulations. 

20 The active compounds may also be administered parenterally or 

intraperitoneal^. Solutions of the active compounds can be prepared in water 
suitably mixed with a surfactant, such as hydroxypropylcellulose. Dispersions can 
also be prepared in glycerol, liquid polyethylene glycols, and mixtures thereof and 
in oils. Under ordinary conditions of storage and use, these preparations contain a 

25 preservative to prevent the growth of microorganisms. 

It is also anticipated that the presently described 
monophosphorylated and substituted prolactin peptides/proteins may be formulated 
as a nasal spray, and used in therapeutically effective doses to treat the various 
prolactin-related disorders noted herein. 

30 Sterile injectable solutions are prepared by incorporating the active 

compounds in the required amount in the appropriate solvent with various of the 
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other ingredients enumerated above, as required, followed by filter sterilization. 
Generally, dispersions are prepared by incorporating the various sterilized active 
ingredients into a sterile vehicle which contains the basic dispersion medium and 
the required other ingredients from those enumerated above. In the case of sterile 
powders for the preparation of sterile injectable solutions, the preferred methods of 
preparation are vacuum-drying and freeze-drying techniques which yield a powder 
of the active ingredient plus any additional desired ingredient from a previously 
sterile-filtered solution thereof 

As used herein, "pharmaceutically acceptable carrier" includes any 
and all solvents, dispersion media, coatings, antibacterial and antifungal agents, 
isotonic and absorption delaying agents and the like. The use of such media and 
agents for pharmaceutical^ active substances is well known in the art. Except 
insofar as any conventional media or agent is incompatible with the active 
ingredient, its use in the therapeutic compositions is contemplated. Supplementary 
active ingredients can also be incorporated into the compositions. 

Antibodies 

It is proposed that monoclonal antibodies of the present invention 
will find useful application in standard immunochemical procedures, such as 
ELISA and Western blot methods, as well as other procedures which may utilize 
20 antibody specific to the substituted prolactin epitopes. These substitution prolactin- 
specific monoclonal antibodies are anticipated to be useful in various ways for the 
detection of the relative levels of phosphorylated prolactin in a sample. 

Additionally, it is proposed that monoclonal antibodies specific to 
the particular substituted prolactin may be utilized in other useful applications. For 
25 example, their use in immunoabsorbent protocols may be useful in purifying native 
or phosphorylated prolactin species or variants thereof. 

In general, both poly- and monoclonal antibodies against the 
substituted prolactin, and hence the phosphorylated prolactin species, may be used 
in a variety of embodiments. For example, they may be employed in antibody 
30 cloning protocols to obtain cDNAs or genes encoding prolactin in different species 
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or prolactin related proteins. They may also be used in inhibition studies to analyze 
the effects of phosphorylated prolactin in cells or animals. Anti-phosphorylated 
prolactin antibodies will also be useful in immunolocalization studies to analyze the 
distribution of this form of prolactin during various cellular events, for example, to 
5 determine the nuclear, OR cellular distribution during the presence or absence of 
a prolactin related diseased state. The operation of all such immunological 
techniques will be known to those of skill in the art in light of the present 
disclosure. 

Epitopic Core Sequences-Identification of Additional Immunogenic Preparations 

10 Further embodiments of the immunogen that may be used in 

preparing the antibodies of the present invention are thus contemplated to include 
protein compositions, free from total cells, characterized as having prolactin 
antagonist activity, that correspond to epitopic core sequences characteristic of the 
distinguishing prolactin substituted proteins and peptides of the invention. 

15 Preferred sources from which to isolate such proteins, include, but are not limited 
to, recombinant cells with eukaryote recombinant cells being the most preferred 
source. Such proteins may be produced by recombinant techniques following the 
molecular cloning of a DNA segment, as described herein. 

The present invention is also directed to protein or peptide 

20 compositions, substantially free from mature forms of non-phosphorylated 
prolactin, which comprise a purified protein or peptide which incorporates an 
epitope that is immunologically cross-reactive with one or more of the substituted 
amino acid sequences as herein described. 

As used herein, the term "incorporating an epitope(s) that is 

25 immunologically cross-reactive with one or more of the substituted amino acid 
sequences of Table 1" is intended to refer to a peptide or protein antigen which 
includes a primary, secondary or tertiary structure similar to an epitope located 
within one or more of the substituted sites in these substitution proteins. The level 
of similarity will generally be to such a degree that monoclonal or polyclonal 

30 antibodies directed against the substituted region of the mature protein will bind to, 
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react with, or otherwise recognize, the cross-reactive peptide or protein antigen. 
Various immunoassay methods may be employed in conjunction with such 
antibodies, such as, for example, Western blotting, ELIS A, RIA, and the like, all of 
which are known to those of skill in the art. 
5 The identification of prolactin antagonist epitopes, and/or their 

functional equivalents is a relatively straightforward matter. For example, one may 
employ the methods of Hopp, as taught in U.S. Patent 4,554,101, incorporated 
herein by reference, which teaches the identification and preparation of epitopes 
from amino acid sequences on the basis of hydrophilicity. The methods described 

10 in several other papers, and software programs based thereon, can also be used to 
identify epitopic core sequences, for example, Chou and Fasman, and Jameson and 
Wolf (Jameson & Wolf CompiL Appl BioscL, 4(l):181-6, 1988; Wolf et al. Compa. 
Appl Biosci., 4(1):187-91 1988) (Hopp, Patent Number 4,554,101) (Kyte and 
Doolittle, 1982) address this subject. The amino acid sequence of these "epitopic 

15 core sequences" may then be readily incorporated into peptides, either through the 
application of peptide synthesis or recombinant technology. 

Preferred peptides for use in accordance with the present invention 
will generally be on the order of 15 to 50 amino acids in length, and more 
preferably about 15 to about 30 amino acids in length. It is proposed that shorter 

20 antigenic peptides which incorporate epitopes of the various substituted prolactin 
proteins and peptides will provide advantages in certain circumstances, for 
example, in the preparation of vaccines or in immunologic detection assays. 

An epitopic core sequence, as used herein, is a relatively short stretch 
of amino acids that is "complementary" to, and therefore will bind, antigen binding 

25 sites on antibodies. Additionally or alternatively, an epitopic core sequence is one 
that will elicit antibodies that are cross-reactive with substituted prolactin protein. 
It will be understood that in the context of the present disclosure, the term 
"complementary" refers to amino acids or peptides that exhibit an attractive force 
towards each other. Thus, certain epitope core sequences of the present invention 

30 may be operationally defined in terms of their ability to compete with or perhaps 
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displace the binding of the desired protein antigen with the corresponding protein- 
directed antisera. 

In general, the size of the polypeptide antigen is not believed to be 
particularly crucial, so long as it is at least large enough to carry the identified core 
5 sequence or sequences. The smallest useful core sequence anticipated by the 
present disclosure would generally be on the order of about 15 amino acids in 
length. Thus, this size will generally correspond to the smallest peptide antigens 
prepared in accordance with the invention. However, the size of the antigen may 
be larger where desired, so long as it contains a basic epitopic core sequence. 

10 Syntheses of epitopic sequences, or peptides which include an 

antigenic epitope within their sequence, are readily achieved using conventional 
synthetic techniques such as the solid phase method (e.g., through the use of 
commercially available peptide synthesizer such as an Applied Biosystems Model 
430A Peptide Synthesizer). Peptide antigens synthesized in this manner may then 

15 be aliquotted in predetermined amounts and stored in conventional manners, such 
as in aqueous solutions or, even more preferably, in a powder or lyophilized state 
pending use. 

Storage 

In general, due to the relative stability of peptides, they may be 
20 readily stored in aqueous solutions for fairly long periods of time if desired, e.g., 
up to six months or more, in virtually any aqueous solution without appreciable 
degradation or loss of antigenic activity. However, where extended aqueous storage 
is contemplated it will generally be desirable to include agents including buffers 
such as Tris or phosphate buffers to maintain a pH of 7.0 to 7.5. Moreover, it may 
25 be desirable to include agents which will inhibit microbial growth, such as sodium 
azide or merthiolate. For extended storage in an aqueous state it will be desirable 
to store the solutions at 4°C, or more preferably, frozen. Of course, where the 
peptide(s) are stored in a lyophilized or powdered state, they may be stored virtually 
indefinitely, e.g., in metered aliquots that may be rehydrated with a predetermined 
30 amount of water (preferably distilled) or buffer prior to use. 
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Clinical and Diagnostic Applications 

Measurement of phosphorylated prolactin in a sample may be used 
as part of a clinical regimen in the management and prognosis of patients having or 
suspected as having, a prolactin-related disorder. Such disorders include, by way 
of example, a prolactin-dependent tumor, possibly prolactin related causes of 
infertility, prostatic cancers, mammary cancers and lymphomas. 

The present invention concerns immunodetection methods and 
associated screening assays and kits for measuring phosphorylated prolactin, using 
the substituted prolactin proteins and peptides as target antigen in the production 
of antibodies. It is proposed that the substituted prolactin proteins or peptides of 
the present invention may be employed to detect antibodies having reactivity 
therewith, or, alternatively, antibodies prepared in accordance with the present 
invention, may be employed to detect levels of phosphorylated prolactin proteins 
or peptides. In general, these methods will include first obtaining a sample 
suspected of containing such a phosphorylated prolactin protein, peptide or 
antibody thereto, contacting the sample with an antibody or substituted prolactin 
protein or peptide in accordance with the present invention, as the case may be, 
under conditions effective to allow the formation of an immunocomplex, and then 
detecting the presence of the immunocomplex. 

In general, the detection of immunocomplex formation is quite well 
known in the art and may be achieved through the application of numerous 
approaches. For example, the present invention contemplates the application of 
ELISA, RIA, immunoblot, dot blot, indirect immunofluorescence techniques and 
the like. Generally, immunocomplex formation will be detected through the use of 
a label, such as a radiolabel or an enzyme tag (such as alkaline phosphatase, 
horseradish peroxidase, or the like). Of course, one may find additional advantages 
through the use of a secondary binding ligand such as a second antibody or a 
biotin/avidin ligand binding arrangement, as is known in the art. 

For diagnostic purposes, it is proposed that virtually any sample 
suspected of comprising either the phosphorylated prolactin protein or peptide or 
antibody sought to be detected, as the case may be, may be employed. Exemplary 
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samples include clinical samples obtained from a patient such as blood or serum 
samples, ear swabs, sputum samples, middle ear fluid or even perhaps urine 
samples may be employed. Furthermore, it is contemplated that such embodiments 
may have application to non-clinical samples, such as in the titering of antigen or 
5 antibody samples, in the selection of hybridomas, and the like. 

In related embodiments, the present invention contemplates the 
preparation of kits that may be employed to detect the presence of phosphorylated 
prolactin proteins or peptides and/or antibodies in a sample. Generally speaking, 
kits in accordance with the present invention will include a suitable substituted 

10 prolactin protein or peptide, or antibody directed against such a protein or peptide, 
together with an immunodetection reagent and a means for containing the antibody 
or antigen and reagent. The immunodetection reagent will typically comprise a 
label associated with the antibody or antigen, or associated with a secondary 
binding ligand. Exemplary ligands might include a secondary antibody directed 

15 against the first antibody or antigen or a biotin or avidin (or streptavidin) ligand 
having an associated label. Of course, as noted above, a number of exemplary 
labels are known in the art and all such labels may be employed in connection with 
the present invention. 

The container will generally include a vial into which the antibody, 

20 antigen or detection reagent may be placed, and preferably suitably aliquotted. The 
kits of the present invention will also typically include a means for containing the 
antibody, antigen, and reagent containers in close confinement for commercial sale. 
Such containers may include injection or blow-molded plastic containers into which 
the desired vials are retained. 

25 All of the compositions and methods disclosed and claimed herein 

can be made and executed without undue experimentation in light of the present 
disclosure. While the compositions and methods of this invention have been 
described in terms of preferred embodiments, it will be apparent to those of skill in 
the art that variations may be applied to the composition, methods and in the steps 

30 or in the sequence of steps of the method described herein without departing from 
the concept, spirit and scope of the invention. More specifically, it will be apparent 
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that certain agents which are both chemically and physiologically related may be 
substituted for the agents described herein while the same or similar results would 
be achieved. All such similar substitutes and modifications apparent to those 
skilled in the art are deemed to be within the spirit, scope and concept of the 
5 invention as defined by the appended claims. 

Following long-standing patent law convention, the terms "a" and 
"an" mean "one or more" when used in this application, including the claims. 

The following examples are included to demonstrate preferred 
embodiments of the invention. It should be appreciated by those of skill in the art 

10 that the techniques disclosed in the examples which follow represent techniques 
discovered by the inventor to function well in the practice of the invention, and thus 
can be considered to constitute preferred modes for its practice. However, those of 
skill in the art should, in light of the present disclosure, appreciate that many 
changes can be made in the specific embodiments which are disclosed and still 

15 obtain a like or similar result without departing from the spirit and scope of the 
invention. 

EXAMPLE 1 

SYNTHESIS OF RECOMBINANT RAT PRL 
SUBSTITUTION PEPTIDES 

20 This example outlines one method that may be used in the 

production of PRL substitution mutant recombinant peptides. 

Materials and Methods 

Production of Mutants 

A pGEX-3X expression vector (Promega, Madison, WI) in which the 
25 glutathione S-transferase gene was linked to rat PRL cDNA was obtained from Dr. 
Mark Kelley (Department of Pediatrics, Indianapolis University, Bio Lab, 
Indianapolis, IN 46202). Digestion with Bam HI and EcoRl (1 |ig plasmid DNA, 
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5 U Bam HI, 5 U EcoRl in 20 jil of restriction buffer [50 mM NaCl, 10 mM Tris, 
10 mM MgCl^ 1 mM DTT, pH 7.9] at 37 C for 40-60 min) isolated the PRL cDNA 
which was checked for appropriate size (approximately 600 base pairs) by 
electrophoresis in a 1% agarose gel in Tris acetate EDTA buffer (40 mM Tris- 
5 acetate, 2 mM EDTA, pH 8.5). The PRL cDNA fragment was then ligated into a 
pGEM 1 lZf{-) plasmid (Promega). Ligation used 1 \ig vector DNA, 200 ng insert 
DNA, 10 U of T4 DNA ligase in 10 jal of ligation buffer (30 mM Tris pH 7.8, 10 
mM MgCl 2 , 10 mM DTT, 1 mM ATP) at 16°C for 8 h. This pGEM recombinant 
was then transfected into the E. coli strain CJ236 by electroporation at 1.25 

10 KV/mm in a BTX electroporation system (San Diego, CA) (clone AW #4). The 
clone then grew in LB broth (1% Tryptone, 0.5% yeast extract, 1% NaCl, pH 7) 
with uridine (0.25 jig/ml). This E. coli strain produces dU-containing single 
stranded DNA in the presence of helper phage M13K07. 

Serine 177 mutation was achieved with an oligonucleotide 23 mer 

1 5 with the sequence GC AGGGATGACC AC AAGGTTGAC (SEQ ID NO: 1 ) (plus (+) 
strand primer) in which GAC (underlined) replaces the TCC of serine 177. Other 
substituted primers maybe prepared as well, where the GAC (aspartate) is replaced 
with a codon sequence that encodes aspartate, or that encodes amino acid 
glutamate, tyrosine, alanine, tryptophan or histidine. A more generic primer that 

20 describes these nucleic acid substitutes is as follows: 

5' CGCAGGGAT GNA CACAAGGTTGA 3' (SEQ ID NO:2) 

This primer will result in a mutation at serine 177, rPRL, wherein GNA substitution 
represents the four possible amino acid substitutions (valine, glutamate, alanine and 
glycine). Worst duplex formation was estimated at -4.4 kcal/mol and hairpin AG 
25 at 0. 1 kcal/mol. Phosphorylation of this oligonucleotide was produced by T4 
polynucleotide kinase (200 pmol primer, 5 U T4 kinase, 0.4 mM ATP in 20 \x\ 
kinase buffer [50 mM Tris, pH 7.5, 10 mM MgCl 2) 5 mM DTT, 0.1 mM 
spermidine] at 37°C for 45 min) and the reaction was stopped by incubation at 
65°Cfor 10 min. 
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Single-stranded DNA was prepared by precipitation from the culture 
medium with a final concentration of 4% polyethylene glycol in 0.5 M NaCl. After 
resuspension in Tris-EDTA (20 mM Tris, 1 mM EDTA, pH 7.5) single-stranded 
DNA was extracted with phenol/chloroform (once) and chloroform (twice), and 

then precipitated by ethanol. 

dU-containing single-stranded DNA was annealed to the 
phosphorylated oligo primer. 10 pmol oligomer per 200 ng dU-single-stranded 
DNA in 10 nl annealing buffer (20 mM tris, pH 7.4, 2 mM MgCl 2 , 50 mM NaCl) 
were incubated first at 70 °C for 5 min, then at 37 °C for 30 min, then at room 
temperature for 5 min and then on ice. Double-stranded DNA was produced by 
incubation in 3U of T4 ligase, 0.5 U T7 DNA polymerase (Bio-Rad) in synthesis 
buffer (0.5 mM dNTP, 1 mM ATP, 20 mM Tris, pH 7.4, 4 mM MgCl 2) 0.5 mM 
DTT) first on ice for 5 min followed by incubation at room temperature for 5 min 

and37°Cfor 90 min. 

The resultant double-stranded DNA was transfected into the JM109 
K coli strain in which the dU strand was destroyed and the mutant strand repaired 
and retained. Two of twelve clones analyzed by sequencing had the mutation 
(clone AW #5). The mutant DNA was excised as above and placed back into the 
original pGEX-3X expression vector (clone AW #8). To ensure equal treatment of 
the non-mutated PRL cDNA, the original rat PRL expression construct was also 
placed in JM109 clone (AW #7). 

Expression and purification of recombinant wild-tvpe and mu tant PRLs 

AW#7 (for wild-type PRL) or AW#8 (for mutant PRL) cells were 
cultured in 2 x yeast tryptone broth (1.6% Tryptone, 0.5% NaCl, 1% yeast extract, 
pH 7) with ampicillin (50 ^1/ml) overnight at 37° C The overnight culture (10 ml) 
was diluted 10 times in the same medium and incubated at 37°C with vigorous 
agitation for 1.5 h. Isopropyl p-thiogalactosidase (final concentration 0.1 mM) was 
added to the culture to induce expression of the fusion protein and incubation was 
continued for another 2 h. The bacteria in the liquid culture were pelleted and 
resuspended in 20 ml ice-cold 0.01 M PBS. The bacteria were lysed using a Micro- 
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Ultrasonic cell disrupter (3x30 sec. at setting 7) and then centrifliged at 14,000 xg 
for 10 min. The pellet was resuspended in 8 ml 0. 1 M glycine-NaOH (pH 9.0) with 
8 M urea and incubated on ice for 10 min. After centrifugation (14,000 xg, 5 min) 
to remove insoluble material, the supernatant was dialyzed against 4x41 0.1 M 
5 glycine-NaOH (pH 9.0), 16 h at 4°C to remove urea, meanwhile, allowing the 
fusion protein to refold. A 0.5 ml aliquot of the recovered protein solution was 
diluted to 3.0 ml with TBS (50 mM Tris with 150 mM NaCl, pH 7.4) and added to 
0.5 ml of preequilibrated glutathione-agarose gel (Sigma). The slurry was gently 
mixed for 30 min at room temperature, subjected to centrifugation at 1,000 xg for 

10 5 min and the supernatant discarded. After washing five times with 5 ml TBS, the 
fusion protein was eluted with 1 ml of 10 mM glutathione in 50 mM Tris (pH 7.4). 
The amount of purified fusion protein was determined by reference to several 
standard amounts of PRL and glutathione S-transferase and mol wt. markers co-run 
in a 12% SDS-PAGE system, stained with Coomassie blue. The fusion protein was 

15 digested with Factor Xa (Pierce) at an enzyme to substrate wt:wt ratio of 1 :50. A 
20 fold concentrated digestion buffer was added to the solution to give a final 
concentration of 50 mM Tris, 100 mM NaCl, 6 mM CaCl 2 , pH 8.0, and the 
digestion mixture was incubated at 37°C for 2 h. The cleaved protein solution was 
dialyzed against 4 x 1 I 50 mM Tris (pH 7.4), 16 h at 4°C to remove glutathione. 

20 After dialysis, concentrated NaCl was added to the solution to give a final 
concentration of 150 mM and this was mixed with 0.5 ml glutathione-agarose gel 
for 30 min at room temperature. The gel was pelleted by centrifugation and the 
supernatant was collected. The purity and quantity of the recombinant PRL was 
again determined by reference to standard rat PRL B7 co run in a 12% SDS-PAGE 

25 system. Quantification was achieved using a CCD camera and NIH imaging 
software. 

The biological activity was assessed as described in Example 2. 
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EXAMPLE 2 

BIOLOGICAL ACTIVITY OF RAT PRL SUBSTITUTION PEPTIDE; 
INHIBITION OF Nb2 LYMPHOMA CELL PROLIFERATION 

This example demonstrates the activity of the substitution rat 
5 prolactin peptides, particularly for the inhibition of prolactin-dependent tumor cell 
proliferation. 

The Nb2 bioassay was performed as follows. Briefly, Nb2 T- 
lymphoma cells were maintained in Fisher's medium containing 10% fetal bovine 
serum (FBS), 10% horse serum (HS), 10' 4 M NaHC0 3 , 10 -4 M p-mercaptoethanol 

10 and penicillin (20 U/ml)/streptomycin (20 |ag/ml). Before the bioassay, cells were 
transferred to 1% FBS- 10% HS medium for 24 h. The cells were then plated in 
96-well plates with 5,000 cells/200 jal of Fishers medium containing 10% HS and 
no FBS/well. Different concentrations and combinations of rat PRL-B-7, standard 
human prolactin recombinant wild-type and mutant PRL were added to the wells 

15 in quadruplicate. 

After 3 days of culture, cell number in each well was measured using 
an MTS assay which is a slight modification of the MTT method previously 
described. Briefly, MTS dye, 3-(4,5-dimethylthiazol-2-yl)-5-(3- 

carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium (Promega, 2 mg/ml in 

20 Dulbecco's phosphate buffered saline, DPBS) was mixed with phenazine 
methosultate (Sigma. 0.92 mg/ml DPBS) at a ratio of 20:1 (by volume). The 
mixture (20 |il) was added to each well (200 |ul) and the plate was incubated at 37 
C for 2 h. The cells were lysed by adding 20 ^l/well of 10% SDS and absorbance 
of the medium at 492 nm was determined in an EIA plate reader (Bio-Rad, 

25 Richmond, CA). 

It is important to note that the pseudophosphorylated PRL has no 
Nb2 biological activity of its own. Titration of the pseudophosphorylated PRL 
against the recombinant non-phosphorylated PRL shows the pseudophosphorylated 
PRL, like naturally phosphorylated PRL, to act as an antagonist to Nb2 cell 
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proliferation. When titrated at 1/3 the amount of non-phosphorylated material, it 
inhibits proliferation by about 1/3. 

EXAMPLE 3 

MUTANTS OF HUMAN PRL; 
5 SUBCLONING AND SITE-DIRECTED MUTAGENESIS 

The hPRL complementary DNA clone (pBR-hPRL) was obtained 
from the American Type Culture Collection (Rockville, MD). A 686-bp PpuMI 
fragment, which contained the full hPRL-coding region, was subcloned into the 
Smal site of pUCl 1 8 (U.S. Biochemical Corp., Cleveland, OH) in which the BamHI 
site was nullified. This recombinant was transformed into Escherichia coli CJ236 
cells, which produce dU-containing single-stranded DNA after infection with 
M13K07 helper phage and incubation of 0.25 [ig/ml uridine. 

Site directed mutagenesis was performed using a Muta-Gene in vitro 
mutagenesis kit (Bio-Rad, Hercules, CA). One primer 

(ACGCAGGGATGNKATAAAATCG, SEQ ID NO:3) was designed to substitute 
serine 179 with glutamate, aspartate, alanine, or valine. A second primer 
(CGTGGCCCCCATATGTTGCCCATCTG, SEQ ID NO:4) was used to facilitate 
cloning into an expression vector via the production of an Ndel site. Appropriate 
mutations were confirmed by sequencing. Mutated DNA was subcloned into pT7- 
SCII (U.S. Biochemical Corp.), which was placed into E. coli BL21 (DE3) for 
protein expression. 

Protein expression 

Cells were cultured in Lura Bertoni broth with ampicillin (200 
Hg/ml) overnight at 37 °C. The overnight culture was diluted 10 times in the same 
25 medium, aliquoted into 3-ml amounts, and incubated at 37°C with agitation until 
the OD 600 nm reached 0.55-0.6. Isopropyl P-thiogalactoside (final concentration, 
0.5 mM) was added to the culture to induce expression of the protein. Optimizing 
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experiments determined that the best yield coupled to the best purity was obtained 
after a 2-h induction. The bacteria (3 ml) were pelleted and resuspended in 500 nl 
ice-cold 50 mM Tris-HCl pH 7.5. They were then lysed using a MicroUltrasonic 
cell disrupter (five 15-sec pulses at setting 9 on ice, with a 30-sec pause between 
5 pulses) and then centrifiiged at 14,000 x g for 10 min at 4 °C. 

Expressed PRLs were primarily in inclusion bodies that formed the 
14,000 x g pellet. After washing in ice-cold 50 mM Tris-HCl pH 7.5, they were 
denatured in 8 M urea-1% P-mercaptoethanol in 0.2 M sodium phosphate, pH 7, 
and the resulting solution was dialyzed against 20 vol 50 mM NH 4 HC0 3 , with eight 

10 changes in 3 days at 4°C, with a final protein concentration of 0. 1 mg/ml. 

The amount of protein present was determined either by quantitative 
gel densitometry by comparison to hPRL standards or by using the NanoOrange kit 
(Molecular Probes, Eugene, OR). In the latter instance, NIDDK hPRL B-3 was 
dissolved in 50 mM NH 4 HC0 3 and serially diluted to produce the reference 

15 standard curve. Both methods gave comparable results. Highly purified BSA 
(Sigma Chemical Co., St. Louis, MO) was added (to 0.05%) as soon as possible to 
reduce recombinant protein losses caused by adherence or proteolysis. 

RIA analysis of the recombinant PRLs 

Recognition of the mutual PRLs compared with two standard 
20 NIDDK PRLs, hPRL 1-8 and rPRL B7, in a commercially available RIA was used 
as a measure of appropriate folding. Each protein was dissolved first in 50 mM 
NH 4 HC0 3 , accurately quantified and then diluted in the O calibrator provided with 
the kit. The kit was purchased from Diagnostic Products Corp. (Los Angeles, CA). 

Endotoxin analysis of the preparations 
25 Endotoxin contamination of the PRLs was first tested using the 

E-TOXATE kit from Sigma and by gel analysis for bacterial lysate endotoxins. 
Briefly, for the latter, proteinase K-deproteinated samples were run on a 14% SDS 
reducing polyacrylamide gel and then silver stained to detect endotoxin bands. 
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Preparations were also tested for toxicity at concentrations up to 0.5 
(ag/ml by analyzing changes in cell proliferation over a 72-h period in bone SaOs 
cells (American Type Culture Collection). 

In addition, parallel preparations of the various mutants and the 
5 wild-type PRL were made so that on each occasion the wild-type PRL could be 
analyzed for biological activity relative to those of the other preparations as well 
as to those of NIDDK standards in the Nb2 bioassay. 

Dephosphorylation of standard hPRL 

Standard hPRL 1-8 was exposed to acid phosphatase (from human 
semen; Sigma) at a ratio of 10 ng to 1 U enzyme in 0. 1 M sodium citrate buffer, pH 
5, for 2 h at 37°C. Control aliquots of the hormone alone and enzyme alone were 
incubated in buffer for the same period and at the same temperature. After 2 h of 
incubation, the samples were diluted 40-fold in Dulbecco's PBS (DPBS) containing 
0.1% BSA (highly purified from Sigma). Each sample (enzyme-treated, buffer- 
incubated, and enzyme in buffer) was sterilized by filtration and stored frozen at 
-20°C until further dilution in 0% FBS-10% horse serum (HS)-Nb2 assay medium. 

Biological activity of the wild-type, mutant PRLs and dephosphorylated NIDDK 
standard PRL 

Briefly, Nb2 T lymphoma cells (originally obtained from Henry 
20 Fries, now at Medical Research Council, Ottawa, Canada) were maintained in 
Fisher's medium containing 10% FBS, 10% HS, 0.1 nM NaHC0 3 , 0.1 nM 
p-mercaptoethanol, and penicillin (20 U/ml)/streptomycin (20 |ig/ml). Before the 
assay, cells were transferred to 1% FBS-10% HS medium overnight. The cells 
were then plated onto 96-well plates in 100 jal (1%) FBS-10% HS medium/well. 
25 Different concentrations and combinations of PRLs, diluted in 0% FBS-10% HS 
medium, were added to give a total volume of 200 |il/well. For measurement of 
proliferation, 5000 cells/well were used. For studies of antagonism, 1000 cells/well 
were used to increase competition for the receptors. The number of cells required 
to produce receptor-limiting conditions during a 3-day incubation was determined 
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empirically. In each experiment (5000 or 1000 cells/wells) the response to wild- 
type PRL alone was used as a positive control and a measure of comparability 
among experiments. Cell number was assessed 72 h after plating using an MTS 
assay (1, 11). Briefly, MTS dye [3(4 ? 5-dimethylthiazol-2-yl)-5(3- 
carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolin, Promega Corp., Madison, 
WI] at 2 mg/ml in DPB was mixed with phenazine methosulfate (Sigma; 0.92 
mg/ml DPBS) at a ratio of 20: 1 (vol/vol). Twenty microliters of the mixture were 
then added to the 200 \i\ medium in each well, and the plate was incubated for 2 h 
at 37°C before reading the absorbance at 492 nm in an enzyme immunoassay plate 
reader (Bio-Rad). Results were expressed as the absorbance in the test wells minus 
the absorbance in the wells containing cells but no added PRL. 

Within each assay, each test substance, combination, or amount was 
assayed in quadruplicate. Each assay result was replicated at least twice with each 
preparation of protein, and each result was replicated with at least two, and in most 
instances three, separate preparations of protein. 

Biological activity 

The recombinant wild-type PRL had greater biological activity in the 
Nb2 bioassay than did the NIDDK hPRL B-3 preparation. This result attests to 
(1) the absence, or very low levels, of endotoxin in the preparation; and (2) 
appropriate folding of the molecule during the dialysis period. Accurate 
comparisons were assured by dissolution of the NIDDK standard in 50 mM 
NH 4 HC0 3 and the use of this to produce both the bioassay stock and the standard 
curve in the NanoOrange protein assay. 

NIDDK PRL is extracted from pituitaries and contains a mixture of 
nonphosphorylated and phosphorylated forms of the hormone in addition to at least 
one glycosylated form. As phosphorylated PRL acts as an antagonist to 
nonphosphorylated PRL in the Nb2 bioassay, its presence reduces the Nb2 
response. In addition, glycosylated PRL has been shown to have about one third 
to one fourth the biological activity of unmodified PRL, and the B3 preparation 
contains about 25% glycosylated PRL. Recombinant wild-type hormone produced 
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in E. coli, by contrast, and hence a larger proliferative response to a recombinant 
preparation can be obtained. 

Some of the increased activity is probably due to the absence of 
phosphorylated hormone in the recombinant wild-type PRL. For this experiment, 
a similar preparation of human pituitary PRL, hPRL 1-8, which has less than 10% 
phosphorylated hormone, was subjected to dephosphorylation by acid phosphatase. 
Dephosphorylation of the 1-8 preparation increased its ability to stimulate the 
proliferation of Nb2 cells. Assay of enzyme alone showed no ability to stimulate 
Nb2 cell proliferation. 

Glutamate and aspartate mutants 

Substitution of serine 179 with either aspartate or glutamate 
produced a molecule that acted as an antagonist. When either was titrated against 
the wild-type recombinant, a dose-related inhibition of proliferation versus wild- 
type PRL alone was observed. The aspartate mutant was a more potent antagonist 
than the glutamate mutant, as shown by Fig. 3, in that 200 pg/ml aspartate mutant 
inhibited the growth response to 400 pg/ml wild-type PRL by 75%. 

When tested alone for intrinsic agonist activity, neither the aspartate 
nor the glutamate mutant showed any ability to stimulate Nb2 cell proliferation. 



In summary, molecular mimics of phosphorylated PRL where a 
particular serine is substituted maintain the antagonist properties of the 
phosphorylated hormone. These pseudophosphorylated PRLs can now be used to 
study many aspects of the physiology of PRL, and have the potential to be useful 
therapeutics. 

It is to be understood that while the invention has been described 
above in conjunction with preferred specific embodiments, the description and 
examples are intended to illustrate and not limit the scope of the invention, which 
is defined by the scope of the appended claims. 



It is Claimed: 
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1. A recombinant nucleotide sequence encoding a mutated 
prolactin, wherein the expression of the sequence results in a mimic of a 
phosphorylated prolactin corresponding to a selected species, the mimic being 
capable of antagonizing growth promoting effects of non-phosphorylated prolactin 
in the selected species, the mimic being mutated at serine 179 or its selected species 
equivalent. 

2. The nucleotide sequence as in claim 1 wherein the serine 
mutation is by substitution. 

3. The nucleotide sequence as in claim 1 wherein the serine is 
mutated by an aspartate or glutamate residue substitution. 

4. The nucleotide sequence as in claim 1 herein the serine 
mutation is by an aspartate residue substitution. 

5. A construct comprising the nucleotide sequence of claim 3 
or 4 operatively linked with an expression vector. 

6. The construct as in claim 5 wherein the expression vector is 
mammalian, viral, or bacterial. 

7. A recombinant nucleotide sequence encoding a prolactin 
mutant, wherein the expression of the sequence results in a mimic of human 
phosphorylated prolactin, the mimic being capable of antagonizing a prolactin 
receptor, the mimic being mutated at serine 1 79 or its selected species equivalent. 
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8. The nucleotide sequence as in claim 7 wherein the mimic is 
mutated at serine 179 when the selected species is human, and the serine 179 is 
mutated by substitution with an aspartate residue. 

9. A composition comprising: 

a human phosphorylated prolactin mimic, the mimic in an amount 
effective to antagonize growth promoting effects of non-phosphorylated human 
prolactin, the mimic being mutated at serine 179 and being substantially free of 
non-phosphorylated human prolactin. 

10. The composition as in claim 9 wherein the serine 179 is 
substituted by an aspartate or glutamate residue. 

11. The composition as in claim 9 wherein the serine 179 is 
substituted by an aspartate residue. 

12. The composition as in claim 9 wherein the mimic is admixed 
with a pharmaceutically suitable carrier. 

13. The composition as in claim 9 wherein the mimic is derived 
from the recombinant nucleotide sequence of claim 1 . 
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ABSTRACT 



PROLACTIN ANTAGONISTS AND USES THEREOF 

Recombinant nucleotide sequences encoding mutated prolactin are 
described. Expression of the sequences result in mimics of a phosphorylated 
prolactin corresponding to a selected species. A particularly preferred mimic is 
mutated at serine 179 (corresponding to human PRL) where serine is substituted by 
an aspartate residue. This aspartate mutant is a very effective antagonist and shows 
no ability to stimulate Nb2 to cell proliferation. 
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